











































































































partly from the uplands toward the rivers and wet-
lands, and partly toward the northeast and away from
the rivers.

Vertical ground-water flow simulated by the
model also was examined by using particle-tracking
procedures. Flow paths through the model layers were
calculated with the computer program MODPATH
(Pollock, 1989). Flow paths were designated to origi-
nate from each model cell, starting from the water-
table surface, and their directions were calculated to
their eventual discharge locations. Vertical sections of
the model that correspond approximately to those on
which the flow system description was based (pl. 1)
were examined. Simulated vertical flow paths through
the model layers generally are consistent with vertical
flow directions through the aquifers presented in the
flow-system description. The direction of simulated
flow through the upper unconfined aquifer layer is
partly lateral from upland areas toward the lowland
area, and partly downward beneath the uplands. The
direction of simulated flow through the lower con-
fined-aquifer layer is lateral, partly from beneath the
uplands toward the lowland, and partly from beneath
the northeastern upland toward the northeast.

Particle-tracking procedures were further used
to estimate the amount of time required for water to
flow through the aquifers in the study area. Time-
series particle distributions were calculated by using
MODPATH (Pollock, 1989). Particles were designated
to originate from each model cell, starting from the
water-table surface, and their positions within the
ground-water-flow system were calculated at succes-
sive time increments as they were simulated to be
transported along flow paths. Particle spatial distribu-
tions were plotted and contoured at different time
increments to infer simulated traveltimes of ground
water through different parts of the flow system (pl. 1).

Simulated particle transport velocity is partly a
function of the porosity of subsurface materials, which
is unknown in the study area. Because the subsurface
materials observed in drilling samples and in outcrops
are generally poorly sorted, a relatively low porosity
value of 25 percent was assigned throughout the simu-
lated ground-water-flow system. A larger porosity
value would result in a slower transport velocity, and a
smaller porosity value would result in a faster trans-
port velocity.

Assuming a ground-water age of 0 years at the
water table, particle tracking indicated that ground
water takes approximately 10 years to flow through

most of the upper unconfined aquifer laye-. but as
much as 50 years to reach parts of its base (pl. 1).
Within the lower confined aquifer layer, g-ound water
takes approximately 50 years to reach par‘s of the
layer near its top, to as long as 1,000 years to reach the
base of the layer at its downgradient end tyward the
east.

Additional estimates of ground-water travel-
times through different parts of the study area were
made by analyzing water samples collected from
observation wells for concentrations of ch'orofluoro-
carbon compounds, or CFC’s, which act a~ environ-
mental tracers. CFC’s have been steadily increasing in
the atmosphere and other parts of the environment as
the use of these compounds has become widespread
during the past few decades. The technique used to
collect ground-water samples for CFC anclysis
(Busenberg and Plummer, 1992) allows C~C concen-
trations to be related to the amount of time that has
elapsed since the water entered the water table as
recharge. Ground-water ages in the study area were
inferred from analyzed concentrations of CFC-11
(trichlorofluoromethane), CFC-12 (dichlorodifluo-
romethane), and CFC-113 (trichlorotrifluoroethane).

Comparison of CFC ground-water ages to the
positions of open observation-well intervals from
which the samples were collected (pl. 1) irdicates that
the ages range from 0 years at the shallow wells to 50
years at the deepest well. Shallow wells arz completed
at depths near the water table and are expected to pro-
duce young ground water. Deeper wells intercept
longer flow paths along which water has moved for
greater periods of time since originating at the water
table.

Several factors can affect CFC ages. The analyt-
ical precision of CFC ages is plus or minus 2 years.
Different ages for a particular sample, however, are
often indicated by the three CFC compounds (CFC-11,
CFC-12, and CFC-113). Depending on conditions at
the well location, the concentrations of the compounds
can be affected differently by extraneous contamina-
tion and (or) chemical degradation. Concentrations of
samples collected in the study area that were believed
to have been so affected were disregarded in interpret-
ing ground-water ages.

The apparent age of a ground-water sample
reflects the mixing of ground water of diff=rent ages.
As water moves along flow paths, it is mired by dis-
persion with water from adjacent flow paths. The
degree of dispersion usually is difficult to estimate,
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and is unknown in the study area, but is a function of
the hydraulic properties of subsurface materials. Paths
of water molecules moving through sediment pores
differ in length on a microscopic scale. In addition,
hydraulic properties can be heterogeneous on a small
scale, and flow velocities can differ over small areas.
Thus, a given volume of water in the aquifer will con-
sist of molecules with different traveltimes. The extent
of mixing increases in the downgradient direction as
water molecules are dispersed along their flow paths.

The CFC ground-water ages are generally con-
sistent with the ground-water traveltimes indicated by
particle-tracking analysis (pl. 1). Accounting for pos-
sible extraneous affects on the CFC concentrations,
and recognizing that the ages represent mixed sam-
ples, the CFC ages generally corroborate the particle-
tracking analysis and, hence, the overall design and
calibration of the model. Thus, the CFC age estimates
provide an additional description of the ground-water-
flow system in the study area that was obtained inde-
pendently of the ground-water-flow model, and which
indicates that the model is consistent with the flow-
system description.

Rates of Ground-Water Flow

In order to infer relations between the local-
scale flow system within the study area and the
regional-scale flow system, rates of ground-water flow
into, through, and out of the aquifers were calculated.
Comparisons were made among flow rates of water
that leaves the model area by (1) discharging from the
upper unconfined aquifer layer through head-depen-
dent cells (stream cells) representing the James and
Appomattox Rivers, adjoining wetlands, and tributar-
ies; (2) discharging from the lower confined aquifer
layer to simulated withdrawal wells; and (3) flowing
through the lower layer across the constant-head
boundary to the northeast and east to recharge regional
aquifers.

In steady-state simulations, conditions of flow
do not change over time and there is no net change in
the amount of water stored in the aquifers. Therefore,
the rate at which water was specified to enter the flow
system as recharge represents the total simulated flow
rate, and equals the sum of the rates at which water
leaves the flow system (table 4). In order to be directly
comparable. both recharge and discharge flow rates
are normalized for the model area in units of inches
per year. Percentages of the rates of the total flow as
recharge also were calculated. Because separate layers

were used in the model to represent the unconfined
and confined aquifers, vertical leckage rates also were
calculated to determine the exchange of water between
the layers.

The total simulated flow ra‘e of water entering
the model area was specified as 10 in/yr of recharge at
the water table in the upper unconfined aquifer layer
(table 4). From the water table, most of the ground
water flows laterally through the upper layer and dis-
charges to the surface, but a small amount leaks down-
ward into the lower confined aquifer layer. Almost
half of the water that leaks downyard into the lower
layer flows back upward into the upper layer, and it is
added to the total discharge to the surface.

Rates of ground-water discharge also were esti-
mated from rates of streambed se=page (table 3) mea-
sured at four locations along the James River (fig. 2).
For comparison to the measured seepage rates, the
simulated rate of discharge to the surface is 0.002 ft/d,
which is similar to the smallest measured seepage
rates. Streambed conditions, however, are diverse
throughout the study area. The actual seepage rate at
any particular location likely differs from values aver-
aged across entire model cells thet the simulated dis-
charge rate represents. Seepage rates in wetlands and
tributaries likely differ from those measured in the
James River. In addition, because of limited access to
the river, seepage measurements were made close to
the river shore. Seepage rates generally decline expo-
nentially with distance from shore. Thus, the seepage
measurements possibly have a high bias and are not
representative of seepage rates across the entire width
of the streambed.

Approximately 17 percent of the water in the
lower model layer that does not return to the upper
layer is intercepted and removed by well withdrawal,
and the rest flows across the constant-head boundary
to recharge regional aquifers (tab'e 4). Parts of the
model area in which regional recharge originates pos-
sibly are distinct. Examination of model cell-by-cell
flow data indicate that downward leakage into the
lower layer primarily takes place in parts of the layer
corresponding to the uplands. Areas in which recharge
at the water table contributes to rezional recharge were
delineated by using particle-track’ng analysis of model
data. Particle endpoint locations were calculated by
using MODPATH (Pollock, 1989). Particle starting
locations were specified within the constant-head
boundary cells along the northeastern and eastern
sides of the lower layer. A backward tracking
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Table 4. Simulated rates of ground-water-flow components in the Fall Zone near Richmond, Virginia

Simulated withdrawals included

Simulated withdrawals not included

Ground-water-flow Simulated flow rate

Simulated flow rate
Percent of total

component (Inches per year) Percent of total (Inches per year)
Recharge . 100 10.0 100
Downward leakage 1.1 11 1.1 1
Upward leakage S 6 6
Discharge to rivers, wetlands, and

tributaries 94 94 9.5 95
Withdrawal from reported supply wells .1 1 0 0
Flow into regional flow system .5 5 5

procedure was then used to track the particles in
reverse along flow paths to their points of origin at the
water table in the upper unconfined aquifer layer. The
resulting locations were delineated to identify regional
recharge areas (fig. 11). Recharge at the water table
within these areas is inferred to leave the model area
by flowing into the regional flow system. Conversely,
recharge at the water table elsewhere within the model
area is discharged to the surface within the model area
or, to a smaller degree, removed by withdrawal.

Most of the regional recharge originates in the
northeastern upland (fig. 11). Only in a small part of
the southeastern upland does recharge at the water
table contribute to regional recharge, and no water-
table recharge in the western upland contributes to
regional recharge. Apparently, much of the water that
leaks downward beneath the southeastern and western
uplands subsequently flows back upward or is
removed by withdrawal.

In order to evaluate possible effects of the simu-
lated withdrawal, a separate simulation was performed
with the well withdrawals set to zero. All other model
specifications were unaltered. This second simulation
cannot be interpreted as representing regional pre-
withdrawal conditions, however, because the constant-
head boundary on the northeastern and eastern sides of
the lower layer is based on a regional hydraulic gradi-
ent that is affected by withdrawals outside of the
model area.

Simulated flow rates were recalculated to pro-
vide estimates of the relative magnitudes of different
components of flow through the study area in the
absence of the simulated withdrawal (table 4). The
flow rates are nearly equal to the flow rates calculated
in the first simulation. The amounts of water that enter
the model area as recharge in the upper layer, leak

downward into the lower layer, and flow across the
constant-head boundary to recharge region2l aquifers
are virtually the same as in the first simulation. The
small amount of water that is not removed by with-
drawal is added to the water that flows bac'- upward
into the upper layer and discharges to the surface.
Thus, a possible effect of the withdrawal is to reduce
discharge to the surface by approximately 0.1 in/yr or
1 percent. The small difference between th= simula-
tions, howevet, is probably insignificant gien the lim-
itations of the model.

RELATIONS BETWEEN LOCAL AND
REGIONAL FLOW SYSTEMS

Ground-water-flow system conditiors within
the study area are consistent with documerted condi-
tions in other parts of the Virginia Coastal Plain. Areas
of recharge and discharge within the study area gener-
ally coincide with regional recharge and discharge
areas. Flow system conditions within the s‘udy area
likely differ, however, with potential conditions in
other parts of the Virginia Fall Zone. Spatial distribu-
tions of aquifers, spatial relations among surface and
subsurface flow systems, and possibly amcunts of
recharge to regional aquifers, are different in different
parts of the Fall Zone.

Virginia Coastal Plain

The Fall Zone historically has been viewed as a
major upgradient regional recharge area fo- the
Coastal Plain aquifers. Previous studies within the
Coastal Plain in Virginia (Harsh and Laczriak, 1990;
Hamilton and Larson, 1988; Laczniak and Meng,
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1988) consistently indicate that the principal areas of
downward leakage into the confined aquifers lie along
the Fall Zone and along major surface-drainage
divides. Conversely, upward leakage and ground-
water discharge occurs primarily beneath major rivers
and along coastal areas. The inciston of the rivers and
associated fluvial sediments into the aquifers and con-
fining units enhances the hydraulic connections that
promote ground-water discharge at the land surface.

Hydrogeologic conditions in the Fall Zone are
diverse and complex and have been only generally
described by previous studies. The vertical sequence
of aquifers beneath the Fall Zone differs from that in
other parts of the Coastal Plain because of different
erosional and depositional histories (fig. 3). In the Fall
Zone, shallow, unconfined aquifers crop out and are
bounded by bedrock in the Piedmont to the west. The
distributions of outcrop areas and flow boundaries are
varied along the Fall Zone. Flow interactions between
aquifers and streams result because of direct hydraulic
connections at the land surface. Geomorphological
features differ among the streams that cross the Fall
Zone and affect the hydraulic connections between the
streams and underlying aquifers. In addition, hydro-
logic processes in the Fall Zone function on a more
local scale than in other parts of the Coastal Plain.
Recharge and discharge locations are in proximity, and
ground-water flowpaths and traveltimes are short.
Withdrawal within the Fall Zone from shallow,
surface-connected aquifers possibly causes water-level
declines and induces stream infiltration that are more
focused and problematic than elsewhere in the Coastal
Plain. By contrast, previous studies have characterized
the shallow unconfined aquifer as a constant-head
source, which does not account for flow interactions
between aquifers and streams.

Although previous descriptions of the Fall Zone
are generalized, they are consistent with hydrogeo-
logic conditions within the study. Areas of regional
recharge coincide with the major surface-drainage
divides in the uplands. Because the rivers within the
study area are deeply incised, however, almost half of
the water that leaks downward subsequently leaks
back upward to discharge at the surface, and does not
contribute to regional recharge. Withdrawal within the
study area possibly reduces surface discharge by a
small amount.

Large, regional-scale cones of depression asso-
ctated with water-level declines at major withdrawal
centers, primarily located in the southeastern part of

the Coastal Plain in Virginia, have redirected the flow
in some aquifers during the past several decades
toward the withdrawal centers (Harsh and Laczmak,
1990; Hamilton and Larson, 1988; Laczniak and
Meng, 1988). In addition, the withdrawals have
induced an increase in the amoun* of downward leak-
age and have intercepted some of the ground water
that would otherwise discharge at the land surface.
Regionally, the amount of downward leakage and con-
fined aquifer recharge is esttmated to have increased
from 3.2 in/yr in 1890 prior to the withdrawals to

3.8 in/yr in 1980 (Harsh and Laczniak, 1990). During
the same period, discharge at the land surface
decreased from 2.8 to 2.2 in/yr.

Regional-scale effects of w'thdrawal on the
middle Potomac aquifer are documented within the
study area. The middle Potomac aquifer is the princi-
pal confined aquifer within the stvdy area, and it also
is the single most important sourc= of ground water in
the Virginia Coastal Plain, supplying more than half of
the water withdrawn (Harsh and Laczniak, 1990).
During development of the regional RASA model
(Harsh and Laczniak, 1990), areas were delineated
across the entire Virginia Coastal Plain to distinguish
between downward leakage into the middle Potomac
aquifer and upward leakage from the aquifer into over-
lying aquifers or as discharge at th= land surface. Prior
to the large regional withdrawals, the area of upward
leakage extended across a large pert of the Virginia
Coastal Plain, including most of the study area in this
report. Areas of downward leakag> were positioned
primarily along major surface-dra‘nage divides and a
narrow belt next to the Fall Line. As of 1980, the area
of downward leakage had expanded to include most of
the Virginia Coastal Plain, and areas of upward leak-
age had shrunk to a few isolated remnants, one of
which occupies part of the study a-ea, in this report,
along the James and Appomattox Rivers. In addition,
as indicated by a separate ground-water-flow model
constructed to represent the York-James Pentnsula
(Laczniak and Meng, 1988), areas of depleted ground-
water discharge at the land surface that resulted from
withdrawals as of 1983 were delineated along several
major rivers, including most of the James and
Appomattox Rivers within the study area in this
report.
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Virginia Fall Zone

Hydrogeologic conditions in other parts of the
Fall Zone likely differ from those in the study area
and, consequently, relations to the regional flow
system also could differ. First, diverse hydrogeologic
conditions in different parts of the Fall Zone could
result from different spatial distributions of the aqui-
fers. The distributions of aquifer outcrop areas, as well
as structural features such as faults, vary along the Fall
Zone (Mixon and others, 1989). The part of the Fall
Zone that includes Richmond (and the study area in
this report) and extends south to the Virginia-North
Carolina border is the major outcrop area for the
gravel member of the Bacons Castle Formation, which
consists of the upper part of the unconfined Yorktown-
Eastover aquifer. Confined aquifers in this part of the
Fall Zone include not only the middle Potomac aquifer
but also the upper Potomac-Brightseat aquifer. Begin-
ning north of Richmond (outside of the study area),
and extending along the Fall Zone as far as the Poto-
mac River (fig. 1), the Chesapeake Group sediments
crop out that include the lower part of the unconfined
Yorktown-Eastover aquifer and the underlying Calvert
confining unit. Confined aquifers in this part of the
Fall Zone include not only the middle Potomac aquifer
but also the lower Potomac, Aquia, and
Chickahominy-Piney Point aquifers. This area also
includes buried faults and sedimentary rock. The
northernmost part of the Fall Zone in Virginia is the
principal outcrop area of the middle Potomac aquifer,
and it also includes a large and complex fault system.

Second, diverse hydrogeologic conditions in
different parts of the Fall Zone could result from dif-
ferent spatial relations among surface and subsurface
flow systems. Geomorphological features, such as
stream channels, floodplains, and terraces differ
among the streams that cross the Fall Zone and affect
the hydraulic connections between the streams and
underlying aquifers. The James River is the largest
surface-water drainage system to cross the Fall Zone
entirely within Virginia, and it was the principal focus
of the study area in this report. The channel of the
James River is broad and deep, and its adjoining ter-
races, floodplains, and wetlands that represent the
unconfined Columbia aquifer are extensively devel-
oped. Several other drainage systems also cross the
Fall Zone in Virginia. Drainage systems to the south of
the study area also have large terraces, floodplains,
and wetlands, but occupy small shallow channels.
Drainage systems to the north of the study area have

narrower terraces and floodplains and also occupy
small channels. The northernmost part of the Fall
Zone in Virginia is bounded to the east by the Potomac
River (fig. 1), which is the largest drainage system,
and which imposes a major hydrologic boundary
along the entire north side of the Coastal Plain aquifers
in Virginia, which extends from the Fall Zone east-
ward to Chesapeake Bay.

Because of the large size of the James River and
extent of its adjoining floodplains, wetlands, and ter-
races, the potential discharge of ground water to the
James River within the study area probably is greater
than along the smaller drainage systems that cross the
Fall Zone elsewhere in Virginia. Incision of the rniver
channel and associated fluvial sediments irto the mid-
dle Potomac aquifer, and outcrops of the aquifer at
steep blufts along parts of the river, promo‘e the local
discharge of water that possibly would otherwise
recharge regional aquifers. The regional hydraulic gra-
dient (Hammond and others, 1994) indicates that
much of the regional recharge from near the James
River probably is intercepted by the nearest large
withdrawal center at West Point (fig. 1).

Detailed information on the relations between
surface and subsurface flow system in the smaller
drainage systems that cross the Fall Zone i1 Virginia
does not exist. Incision of channels and (or) fluvial
sediments in smaller systems likely is less than along
the James River. Outcrops of the middle Potomac
aquifer are small or absent (Mixon and othzrs, 1989).
Therefore, potentially less ground water is discharged
locally to the smaller drainage systems, and regional
recharge could be greater. Any significantly large
withdrawals, within and near these drainag= systems,
however, could potentially reduce surface discharge
and (or) regional recharge. The regional hydraulic gra-
dient (Hammond and others, 1994) indicates that
much of the regional recharge from near th= small
drainage systems north of Richmond is intercepted
probably by the nearest large withdrawal c=nter at
West Point (fig. 1). Much of the regional recharge
from near the small drainage systems soutl of Rich-
mond is intercepted probably by the nearest large
withdrawal center at Franklin (fig. 1).

Detailed information on the relations between
surface and subsurface flow systems in the northern-
most part of the Fall Zone in Virginia does not exist.
Because of the eastward position and very large size of
the Potomac River, and extensive outcrops of the mid-
dle Potomac aquifer, much of the ground water is
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discharged probably to the river and its local tributar-
ies. Any ground water that continues into the regional
system flows southeastward in the downgradient
direction into southern Maryland. Large and increas-
ing withdrawals in southern Maryland have resulted
from accelerated residential and commercial develop-
ment (Fleck and Vroblesky, 1996), and they likely
intercept some part of the regional recharge originat-
ing from the northernmost part of the Fall Zone in Vir-
ginia. In addition, significant regional-scale ground-
water-flow interactions probably exist between with-
drawals in both Maryland and Virginia along much of
the length of the Potomac River, from the Fall Zone
eastward to Chesapeake Bay. Although RASA studies
in both Virginia (Meng and Harsh, 1988; Harsh and
Laczniak, 1990) and Maryland (Fleck and Vroblesky,
1996) have included the Potomac River as a regional-
scale hydrologic boundary, more detailed local-scale
studies comparable to that in this report have not been
conducted.

SUMMARY AND CONCLUSIONS

The western margin of the Coastal Plain Physio-
graphic Province, termed the Fall Zone, near Rich-
mond, Virginia, was delineated into (1) a lowland next
to the James and the Appomattox Rivers having
Quaternary-age sediments at the land surface that rep-
resent the unconfined Columbia aquifer, and (2) three
adjoining uplands having Tertiary-age sediments at the
land surface that represent the unconfined part of the
Yorktown-Eastover aquifer. The unconfined aquifers
are bounded to the west by Petersburg granite in the
Piedmont. The surficial sediments throughout the
study area represent terrace, floodplain, and channel-
fill deposits, and they consist largely of sand and
gravel that contain varying amounts of silt and clay.
Estimated horizontal hydraulic conductivities of the
lowland Columbia aquifer ranged from 5.6 to 76 ft/d,
which are greater than those of the upland Yorktown-
Eastover aquifer that ranged from 0.0084 to 1.3 ft/d.

In the study area, the unconfined aquifers are
underlain primarily by Cretaceous-age fluvial sedi-
ments of the Potomac Formatton that represent the
confined middle Potomac aquifer, and by one or more
intervening confining units. The middle Potomac aqui-
fer consists of sand and gravel interbedded with dis-
continuous lenses of silt and clay. Estimated horizontal
hydraulic conductivities ranged from 0.22 to 6.1 ft/d.
The confining units consist of fine sand, silt, and clay

marine deposits of the Saint Marys, Nanjemoy, and
Aquia Formations of Tertiary age. A confining unit
and Piedmont bedrock underlie the middle Potomac
aquifer. The middle Potomac aquifer, confining units,
and underlying bedrock dip regionally eastward. The
middle Potomac aquifer and confining units are
incised by varying degrees in dif*erent parts of the
lowland by the James River and the Columbia aquifer.

Analysis of hydraulic grad'ents and the spatial
relations among the aquifers, corfining units, James
and Appomattox Rivers, adjoinirg wetlands, and trib-
utary streams, indicated that much of the water that
enters the unconfined aquifers as recharge at the water
table probably flows a short distance before discharg-
ing to tributary streams, and less water 1s discharged
directly to the James and Appom=ttox Rivers and
adjoining wetlands. An additional unknown amount of
water is removed by withdrawal from water-supply
wells and partly returned by septi~ systems. Part of the
unconfined water also leaks downward, primarily
beneath the uplands, through the underlying confining
units to recharge the confined middle Potomac aquifer.
Ground water in the middle Potomac aquifer either (1)
leaks back upward to discharge within the study area
into the James and Appomattox P ivers and adjoining
wetlands, (2) 1s removed from the aquifer by with-
drawal from water-supply wells located within the
study area, or (3) flows through the aquifer and out of
the study area in downgradient directions to the north-
east and east to recharge regional aquifers.

Recharge at the water table occurs primarily
during the cooler half of the year, when rates of evapo-
transpiration are small. Water-level changes and leak-
age into the confined middle Potomac aquifer occurs
in response to recharge at the water table. Short-term
water-level fluctuations in the lowland result from
individual recharge events, and from tidal fluctuations
of the James River.

Ground-water flow in the study area was simu-
lated with a finite-difference numerical model consist-
ing of two layers—an upper layer that represents the
unconfined Columbia and Yorktown-Eastover aqui-
fers, and a lower layer that represents the confined
middle Potomac aquifer. External and internal bound-
aries on the model layers were sp=cified to correspond
to the spatial configurations of the aquifers, confining
units, James and Appomattox Rivers, adjoining wet-
lands, and tributaries. Water that enters the model area
was simulated as recharge at the water table in the
upper unconfined aquifer layer. Water flows laterally
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through the upper layer and downward into the lower
confined aquifer layer. Water also flows upward from
the lower layer into the upper layer. Water leaves the
maodel area by either (1) discharging from the upper
layer to head-dependent flow cells (representing the
rivers, wetlands, and tributaries), (2) discharging from
the lower layer across a constant-head boundary (rep-
resenting recharge to regional aquifers), or (3) dis-
charging from the Jower layer to well cells
(representing withdrawals from water-supply wells),

Simulated directions of flow generally are con-
sistent with those inferred from field data. Particle-
tracking analysis of model data. in conjunction with
chlorofluorocarbon-analysis of ground-water samples,
indicate ground-water ages and traveltimes that range
from near 0 years at the water table to approximately
50 years at the base of the unconfined aquifers and
near the top of the confined middle Potomac aquifer.
Particle-tracking analyses also delineated areas in
which recharge at the water table enters the regional
flow system.

Simulated flow rates indicate that approximately
half of the water that leaks downward into the middle
Potomac aquifer within the study area flows back
upward to discharge at the surface. Of the remaining
amount, approximately 17 percent is removed by
withdrawal and the rest provides recharge to regional
aquifers.

Hydrogeologic conditions within the study area
are consistent with previously documented regional-
scale conditions across the Virginia Coastal Plain.
Hydrogeologic conditions within the study area likely
differ, however, from other parts of the Fall Zone,
which have different spatial distributions of aquifers,
and different spatial relations among surface and sub-
surface flow systems. The amounts of ground water
that contribute to local discharge and regional
recharge, as well as the degree to which withdrawals
decrease local discharge and regional recharge, could
vary among other parts of the Fall Zone. Detailed
information on the relations between surface and sub-
surface flow systems is needed on other parts of the
Fall Zone before relations of the Fall Zone to the
regional flow system can be fully known.
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Appendix 1.—Characteristics and geologic logs of
observation wells in the Fall Zone near
Richmond, Virginia
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WELL NUMBER: 51G 6
DEPTH BELOW LAND SURFACE: 43.41 feet

AQUIFER: YORKTOWN-EASTOVER

WELL NUMBER: 51G 7
DEPTH BELOW LAND SURFACE: 67.70 feet
AQUIFER: YORKTOWN-EASTOVER

LATITUDE: 37°21'05"
LONGITUDE: 77°24'20"

LAND-SURFACE ELEVATION: 165 feet

LATITUDE: 37°21°05"
LONGITUDE: 77°24'20"
LAND-SURFACE ELEVATION: 165 feet

DEPTH (feet) GEOLOGIC LOG
FORMATION: Yorktown
2-30 fine- to medium-grained quartz sand, few pebbles, orange (10 YR 6/6), wet near base with red mottling
(10 YR 8/2) and heavy minerals
31-34 medium-grained sand, wet, dark pink (5 R 5/4)
3541 as from 2-30 depth above
42 gravel
4348 silty clay, orange (5 YR 5/6), some brown ironstone
FORMATION: Eastover
4960 fine- to medium-grained sand, orange, gray and dry near top, some ironstone
61-92 fine sand, orange mixed with buff (5 Y 8/4), very fine with silt and heavy minerals in lo'ver part
FORMATION: Virginia Saint Marys
93-100 silt, dense, dark gray ((5 GY 4/1)
FORMATION: Aquia
101-117 silty fine- to medium-grained sand, dark blue (N 3), some pebbles increasing toward base, abrupt refusal
WELL: 52G 22 LATITUDE: 37°20'31"

DEPTH BELOW LAND SURFACE: 16.77 feet
AQUIFER: YORKTOWN-EASTOVER

WELL: 52G 23
DEPTH BELOW LAND SURFACE: 27.09 feet
AQUIFER: MIDDLE POTOMAC

WELL: 52G 24
DEPTH BELOW LAND SURFACE: 64.79 feet
AQUIFER: MIDDLE POTOMAC

LONGITUDE: 77°20'00"
LAND-SURFACE ELEVATION: 70 feet

LATITUDE: 37°20'31"
LONGITUDE: 77°20'00"
LAND-SURFACE ELEVATION: 70 feet

LATITUDE: 37°20'31"
LONGITUDE: 77°20'00"
LAND-SURFACE ELEVATION: 70 feet

DEPTH (feet) GEOLOGIC LOG
FORMATION: Yorktown
3-5 clayey coarse-grained quartz sand, orange (10 YR 6/6)
18 as 3—5 depth above
FORMATION: Aquia
18-20 clayey silt and fine-grained sand, dark blue (5 GY 2/1), micaceous, glauconitic
FORMATION: Potomac
28-30 coarse-grained quartz sand, pebbly, clayey, gray (5 Y 6/1)
6870 sandy clay, very tough and dense, dark gray (5 GY 4/1), coarse sand grains, pebbly toward top, fractures
in clay with light gray linings
73-75 coarse- to very coarse-grained sand and gravel, clayey, vericolored (top 5 YR 6/4, bottom N 9)
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WELL: 52G 25

DEPTH BELOW LAND SURFACE: 13.36 feet

AQUIFER: COLUMBIA

WELL: 52G 26

DEPTH BELOW LAND SURFACE: 36.02 feet
AQUIFER: MIDDLE POTOMAC

LATITUDE: 37°20'56"
LONGITUDE: 77°16'07"
LAND-SURFACE ELEVATIO™': 5.00 feet

LATITUDE: 37°20'56"
LONGITUDE: 77°16'07"
LAND-SURFACE ELEVATIOM': 5.00 teet

DEPTH (feet) GEOLOGIC LOG
FORMATION: alluvium

0-5 silty sand

6-16 fine-grained quartz sand, some heavy minerals
FORMATION: Aquia

17-27 silt, sandy. clayey, very micaceous, some shells and forams, burrowed
FORMATION: Potomac

2847 sand, milley matrix, some garnets

48-56 clay, green gray

57 sand

5859 clay

60-72 sand

WELL: 52G 27 LATITUDE: 37°22'02"

DEPTH BELOW LAND SURFACE: 9.13 feet

AQUIFER: COLUMBIA

WELL: 52G 28

DEPTH BELOW LAND SURFACE: 44.43 feet

AQUIFER: COLUMBIA

WELL: 52G 29

DEPTH BELOW LAND SURFACE: 89.33 feet
AQUIFER: MIDDLE POTOMAC

LONGITUDE: 77°16'02"
LAND-SURFACE ELEVATIOM: 4.04 feet

LATITUDE: 37°22'02"
LONGITUDE: 77°16'02"
LAND-SURFACE ELEVATIOM: 3.81 feet

LATITUDE: 37°22'02"
LONGITUDE: 77°16'02"
LAND-SURFACE ELEVATIOM: 3.97 feet

DEPTH (feet) GEOLOGIC LOG
FORMATION: alluvium

02 soil, brown

34 medium-grained quartz sand, clayey, dense, brown

59 sand, gray brown, mottled, soupy

10-19 gravel and coarse sand, orange, soupy

20-45 coarse pebbly sand, soupy

46 coarse sand, mint green, soupy
FORMATION: Potomac

47-53 coarse sand, pebbly, clayey with clay clasts, indurated, pinkish buff

54-55 clay, pebbly, pinkish buff

5657 sand, pinkish buff

58-59 medium-grained sand, clayey, off-white

6065 pebbly sand, pinkish buff

6697 medium-grained sand, silty, stiff, orange mottles, few gray green clay clasts increase toward base
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WELL: 52H 11 LATITUDE: 37°2448"

DEPTH BELOW LAND SURFACE: 34.35 feet LONGITUDE: 77°15'09"
AQUIFER: YORKTOWN-EASTOVER LAND-SURFACE ELEVATION: 125 feet
DEPTH (feet) GEOLOGIC LOG

FORMATION: Bacons Castle

4-5.5 clayey silt, reddish orange (5 YR 5/6), some sand
9-10.5 clayey fine-grained sand, orange (10 YR 6/6)
14-15.5 sandy clay, moist, orange (10 YR 6/6)
19-20.5 top 0.5 same as 14-15.5 depth, remainder medium-grained sand, orange (10 YR 6/6), viet, lense of coarse sand,
brown (5 YR 3/4)
24255 sandy silt, tan (5 YR 5/6), saturated, poor recovery
FORMATION: Eastover
29-30.5 medium-grained sand, gray (5 Y 4/1), well sorted, saturated, some glauconite or heavy minerals
34355 medium-grained sand, slightly clayey, blue gray (N 4), saturated, botryoidal glauconite grains, dipyrimidal heavy
mineral grains
39-30.2 as from 34-35.5 depth above
FORMATION: Calvert
39.340.5 silty clay, stiff, dry, green gray (5 GY 4/1)
44-45.5 as from 39.340.5 above
49-50.5 as from 39.3-40.5 above
54-55.5 as from 39.3-40.5 above
59-60.5 fine-grained sand, clayey, green gray (5 GY 4/1), some gluaconite and shell, poor recovery
64-65.5 fine-grained sand, clayey, dark gray (N 3), abundant gluaconite and shell
69-70.5 as from 64-65.5 above with very abundant gluaconite and shell, visible bivalve and gastropod fragments
74-75.5 fine-grained sand, silty, dark gray (5 GY 2/1), light gray clay clasts (5 GY 6/1), 1-inch diameter some glauconite
and shell, shark tooth, half-inch length
79-80.5 fine-grained sand, silty, dark gray (5 GY 2/1), some glauconite and shell
84-85.5 as from 79-80.5 depth above
FORMATION: Nanjemoy
89-90.5 clay, silty, sandy, gray green (5 GY 3/2), some glauconite, shell, and mica
94-95.5 as from 89-90.5 depth above
99-100.5 as from 89-90.5 depth above, nanofossil assemblege NP11-12
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WELL: 52H 12

LATITUDE: 37°24'47"

DEPTH BELOW LAND SURFACE: 43.40 feet LONGITUDE: 77°15'29"
LAND-SURFACE ELEVATION: 37.56 feet

AQUIFER: COLUMBIA

WELL: 52H 13

LATITUDE: 37°24'47"

DEPTH BELOW LAND SURFACE: 79.46 feet LONGITUDE: 77°15'29"
LAND-SURFACE ELEVATION: 37.35 feet

AQUIFER: COLUMBIA

DEPTH (feet) GEOLOGIC LOG
FORMATION: Chuckatuck
4-5.5 fine-grained sand, clayey, light gray (5YR 8/1), dry, few mottles, orange (SYR 5/6)
9-10.5 as from 4-5.5 above, more mottles, few carbonized plant fragments, slightly moist
14-15.5 as from 9-10.5 above, more mottles, more clayey, iron-oxide in fractures, some mica
19-20.5 as from 14-15.5 above, medium-grained sand
24-255 silt, clayey, gray (10YR 6/2), some fine-grained sand, mica, and orange mottles
29-30.5 as from 24-25.5 above, much iron oxide along fractures
34-35.5 top half as from 29-30.5 above, bottom half clay, silty, plastic, dark gray (5Y 4/1)
3940.5 medium to coarse-grained sand, light gray (5Y 6/1), cohesionless, few mica, carbonized material near top
44-45.5 as from 39-40.5 above, coarse-grained sand
49-50.5 as from 44-45.5 above
54-55.5 as from 49-50.5 above, few pebbles and clay clasts
59-60.5 as from 54-55.5 above, more pebbles
64-65.5 as from 59-60.5 above
69-70.5 as from 59-60.5 above
74-75.5 as from 59-60.5 above
FORMATION: Aquia
79-80.5 top 0.5 pebbles, remainder clay, silty, light gray (5Y 6/1). shell, nanofossil assemblege NP8
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WELL: 52H 14
DEPTH BELOW LAND SURFACE: 44.11 feet
AQUIFER: COLUMBIA

WELL: 52H 15
DEPTH BELOW LAND SURFACE: 79.10 feet
AQUIFER: MIDDLE POTOMAC

LATITUDE: 37°23'32"
LONGITUDE: 77°21'42"
LAND-SURFACE ELEVATION: 85 feet

LATITUDE: 37°23'32"
LONGITUDE: 77°21'42"
LAND-SURFACE ELEVATION: 85 feet

DEPTH (feet) GEOLOGIC LOG
FORMATION: Windsor

4-5.5 clay, silty, orange (10YR 6/6), dry, few gray mottles, fine-grained sand and mica

9-10.5 fine-grained sand, orange (10YR 6/6), dry, low cohesion, few mica and carbonized plant fragments

14-15.5 as from 9--10.5 above, cohesionless

19-20.5 fine-grained sand, orange (10YR 6/6) and gray (5Y 8/1), clayey, some mottles, mica, and carbon staining, dry

24-25.5 as from 19-20.5 above, few half-inch pebbles

29-30.5 as from 24-25.5 above, dense lense of inch-diameter gravel, second dense lense of fine-grained sand, orange, iron
stained

34355 as from 29-30.5 above, more gravel, some iron-oxide coatings and stains

39-40.5 as from 34-35.5 above, medium-grained sand, tan (I0YR 7/4)

44-45.5 gravel and medium-grained sand, wet, iron stained, some clay, heavy, plastic, orange (10YR 6/6)

FORMATION: Potomac

49-50.5 medium-grained sand, wet, some clay, orange (10YR 6/6) and light gray (10YR 8/2)

54-55.5 medium-grained sand, moist, clayey, light gray (N7), some half-inch pebbles and carbonized plant fragments, few
mica

59-60.5 as from 54-55.5 above, course-grained sand, more pebbles, inch-diameter clay clast, lizht gray (SYR 8/1), clay
matrix, gray (N6)

64-65.5 near top medium-grained sand, clayey, tan (10YR 7/4), grades downward to coarse-grained sand and gravel,
clayey, gray (N5), moist

69-70.5 medium to coarse-grained sand, clayey, tan (10YR 7/4), some pebbles, moist

74-75.5 medium to coarse-grained sand, light gray (N7), some clay

79-80.5 coarse-grained sand, dark gray (N3), some clay, few pebbles and >inch-long clay clasts, Light gray (N7 and

SYR 8/1)
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WELL: 52H 16
DEPTH BELOW LAND SURFACE: 33.52 feet
AQUIFER: YORKTOWN-EASTOVER

WELL: 52H 17
DEPTH BELOW [LAND SURFACE: 78.56 feet
AQUIFER: MIDDLE POTOMAC

LATITUDE: 37°25'38"
LONGITUDE: 77°22'15"
LAND-SURFACE ELEVATION: 135 teet

LATITUDE: 37°25'38"
LONGITUDE: 77°22'15"
LAND-SURFACE ELEVATION: 135 feet

DEPTH (teet) GEOLOGIC LOG
FORMATION: Bacons Castle
4-5.5 clay, silty, pebbly, red (10R 4/6), some fine-grained sand, pebbles up to 1 inch, dry and stiff
9-10.5 medium-grained sand, silty, red (I0R 4/6), some pebbles up to half-inch, low cohesion, moist
14-15.5 top half as 9-10.5 above, bottom half coarse-grained sand, orange (10YR 6/6), pebbles to 1 inch, friable
19-20.5 coarse-grained sand, pebbly, orange (10YR 6/6), moist, friable, low recovery because of spoon refusal
24-255 medium to coarse-grained sand, pebbly, orange (10YR 6/6), some clay, friable, very moist
29-30.5 as 24-25.5 above, wet, cohesionless
FORMATION: Calvert
34-35.5 very fine-grained sand, silty, orange (10YR 6/6) and gray (10Y 8/1), mottled, moist
39-40.5 as 34-35.5 above, dark gray (5GY 4/1)
44455 as 39-40.5 above, plastic
49-50.5 clay, silty, gray green (5GY 6/1), some mica, few glauconite, stiff
FORMATION: Potomac
54-55.5 coarse-grained sand, pebbly, clayey, dark gray (5GY 4/1), pebbles to half-inch, wet, low cohesion
59-60.5 medium-grained sand, light gray (N7), moist, cohesive, micaceous, some carbonized material, clayey
64-65.5 medium to coarse-grained sand, light gray (N7), moist, pebbly, pebbles to half-inch, some clay and mica
69-70.5 as 64-65.5 above, wet, cohesionless, less clay, no mica
74-75.5 as 69-70.5 above, slightly more clayey and cohesive
79-80.5 as 74—75.5 above, coarse-grained sand, cohesionless
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Appendix 2.—Characteristics and hydrogeologic log
interpretations of water-supply wells in the
Fall Zone near Richmond, Virginia
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WELL NUMBER: 51G 3 LATITUDE: 37°20'44"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°22'40"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): 31 YEAR OF WATER-LEVEL MEASUREMENT: 1977
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

71—-125 Yorktown-Eastover aquifer

52171 Calvert confining unit

34-52 Nanjemoy-Marlboro Clay confining unit

3-34 middle Potomac confining unit

-135-3 middle Potomac aquifer

-151—-135 lower Potomac confining unit

<-151 Petersburg granite

WELL NUMBER: 51G 5 LATITUDE: 37°20'59"

AQUIFER: PETERSBURG GRANITE LONGITUDE: 77°27'13"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): 131 YEAR OF WATER-LEVEL MEASUREMENT: 1978
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

121 -171 Yorktown-Eastover aquifer

81—121 middie Potomac confining unit

61 —8I middle Potomac aquifer

<6l Petersburg granite

WELL NUMBER: 51H 5 LATITUDE: 37°2822"

AQUIFER: BEDROCK LONGITUDE: 77°22'35"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): -70 YEAR OF WATER-LEVZL MEASUREMENT: 1961
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

110 —140 Yorktown-Eastover aquifer

85—110 Calvert confining unit

70 — 85 Nanjemoy-Marlboro Clay confining unit

40-70 Aquia aquifer

18 —40 middle Potomac confining unit

-26— 18 middle Potomac aquifer

-76 —-26 lower Potomac confining unit

<-76 bedrock
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WELL NUMBER: 51H 6 LATITUDE: 37°25'16"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°25'31"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): 52 YEAR OF WATER-LEVEL MEASUREMENT: 1976
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

45 —85 Yorktown-Eastover aquifer

31--45 Nanjemoy-Marlboro Clay confining unit

19 --31 Aquia aquifer

-5-19 middie Potomac confining unit

-40—-5 middie Potomac aquifer

<-40 Petersburg granite

WELL NUMBER: 51H191 LATITUDE: 37°24'14"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°2527"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): 43 YEAR OF WATER-LEVEL MEASUREMENT: 1962
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

68 — 105 Columbia aquifer

2568 Nanjemoy-Marlboro Clay confining unit

-11-25 Aquia aquifer

-25--11 middie Potomac confining unit

-63 —-25 middle Potomac aquifer

<-63 Petersburg granite

WELL NUMBER: 52F 1 LATITUDE: 37°13'15"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°17'19"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): 55 YEAR OF WATER-LEVEL MEASUF EMENT: 1994
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

-1-37 Aquia aquifer

-13—-1 middle Potomac confining unit

<-42--13 middle Potomac aquifer

WELL NUMBER: 52F 4 LATITUDE: 37°13'26"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°17'06"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): 55 YEAR OF WATER-LEVEL MEASUFEMENT: 1964
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

75—135 Yorktown-Eastover aquifer

65 —175 Calvert confining unit

55 65 Chickahominy-Piney Point aquifer

35-55 Aquia aquifer

25--35 middle Potomac confining unit

<-65—25 middle Potomac aquifer
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WELL NUMBER: 52F 10 LATITUDE: 37°14'51"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°16'43"
STATIC WATER-LEVEL ELEVATION (feet above mean sea level): 60 YEAR OF WATER-LEVEL MEASUREMENT: 1978
ELEVATION (feet above mean sea ievel) HYDROGEOLOGIC LOG INTERPRETATION

112 — 142 Yorktown-Eastover aquifer

62112 Calvert confining unit

52 -62 Chickahominy-Piney Point aquifer

22--52 Nanjemoy-Mariboro Clay confining unit

-18§-22 Aquia aquifer

-38 —-18 middle Potomac confining unit

<-58-38 middle Potomac aquifer

WELL NUMBER: 52F 11 LATITUDE: 37°14'59"
AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°16'31"
STATIC WATER-LEVEL ELEVATION (feet above mean sea level): 59 YEAR OF WATER-LEVEL MEASUREMENT: 1978
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

89—139 Yorktown-Eastover aquifer

59 -89 Calvert confining unit

49-59 Chickahominy-Piney Point aquifer

19-49 Nanjemoy-Marlboro Clay confining unit

-11-19 Aquia aquifer

3t—-11 middle Potomac confining unit

<-54 -3] middle Potomac aquifer

WELL NUMBER: 52G 10 LATITUDE: 37°15'10"
AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°19'20"
STATIC WATER-LEVEL ELEVATION (feet above mean sea level): 61 YEAR OF WATER-LEVE'. MEASUREMENT: 1963
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

47— 89 Columbia aquifer

37-47 Calvert confining unit

21-37 Chickahominy-Piney Point aquifer

11 -21 Nanjemoy-Marlboro Clay confining unit

-13-11 Aquia aquifer

-31—--13 middle Potomac confining unit

-137--31 middle Potomac aquifer

<-2t1 —-137 lower Potomac confining unit

52 Hydrogeologic Framework, Analysis of Ground-Water Flow, and Relatlons to Reglonal Flow In the Fa'l Zone, Richmond, Va.



WELL NUMBER: 52G 11 LATITUDE: 37°20'33"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°17'12"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): -7 YEAR OF WATER-LEVEL MEASUPEMENT: 1974
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

-5-20 Columbia aquifer

-20—-5 middle Potomac confining unit

-154 - .20 middle Potomac aquifer

-194 —-154 lower Potomac confining unit

<-194 bedrock

WELL NUMBER: 562G 16 LATITUDE: 37°17°27"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°16'04"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): 9 YEAR OF WATER-LEVEL MEASUREMENT: 1994
ELEVATION (feet above mean sea ievel) HYDROGEOLOGIC LOG INTERPRETATION

-5-45 Columbia aquifer

-25--5 Aquia aquifer

<-115--25 middle Potomac aquifer

WELL NUMBER: 52G 17 LATITUDE: 37°21'05"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°24'20"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): -7 YEAR OF WATER-LEVEL MEASUFEMENT: 1970
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

618 Columbia aquifer

-12-6 Aquia aquifer

<-164 —-12 middle Potomac aquifer

-243 —-164 lower Potomac confining unit

<-260 —-243 bedrock

WELL NUMBER: 52H 5 LATITUDE: 37°26'38"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°21'18"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): 40 YEAR OF WATER-LEVEL MEASUFEMENT: 1972
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

106 — 125 Yorktown-Eastover aquifer

89 — 106 Calvert confining unit

62 —89 Nanjemoy-Marlboro Clay confining unit

3262 Aquia aquifer

22-32 middle Potomac confining unit

-56 —22 middle Potomac aquifer

<-92—-56 lower Potomac confining unit
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WELL NUMBER: 52H 10 LATITUDE: 37°25'12"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°19'08"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): 27 YEAR OF WATER-LEVE!. MEASUREMENT: 1986
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

-232--6 middle Potomac aquifer

<-232 bedrock

WELL NUMBER: 53G 2 LATITUDE: 37°19'32"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°12'43"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): -4 YEAR OF WATER-LEVEL. MEASUREMENT: 1971
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

-19-135 Columbia aquifer

-27—-19 Calvert confining unit

-39 —-27 Chickahominy-Piney Point aquifer

-55--39 Nanjemoy-Marlboro Clay confining unit

-69 —-55 Aquia aquifer

-88 —-69 Brightseat-upper Potomac confining unit

-103 - -88 middle Potomac confining unit

<-180-—-103 middle Potomac aquifer

WELL NUMBER: 53G 13 LATITUDE: 37°21'05"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°11'36"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): -5 YEAR OF WATER-LEVE:L MEASUREMENT: 1980
ELEVATION (feet ebove mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

5-75 Columbia aquifer

-39-5 Calvert confining unit

-57--39 Chickahominy-Piney Point aquifer

-71--57 Nanjemoy-Marlboro Clay confining unit

-90 - -71 Aquia aquifer

-107--90 Brightseat-upper Potomac confining unit

-127 —-107 middle Potomac confining unit

<-215--127 middle Potomac aquifer
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WELL NUMBER: 53G 15 LATITUDE: 37°20°03"

AQUIFER: LOWER POTOMAC LONGITUDE: 77°11'24"
STATIC WATER-LEVEL ELEVATION (feet above mean sea level): -14 YEAR OF WATER-LEVEL MEASUREMENT: 1985
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

-20—-17 Columbia aquifer

-41—--20 Calvert confining unit

-63 —-41 Chickahominy-Piney Point aquifer

-77—-63 Nanjemoy-Marlboro Clay confining unit

91--77 Aquia aquifer

-117 --9] Brightseat-upper Potomac confining unit

-133~-117 middle Potomac confining unit

-301 ~-133 middle Potomac aquifer

-323--301 lower Potomac confining unit

<-323 lower Potomac aquifer

WELL NUMBER: 53G 16 LATITUDE: 37°20'12"
AQUIFERS: LOWER POTOMAC AND MIDDLE POTOMAC LONGITUDE: 77°11'25"
STATIC WATER-LEVEL ELEVATION (feet above mean sea level): -16 YEAR OF WATER-LEVEL MEASUREMENT: 1985
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

-90 —-70 Aquia aquifer

-106 - -90 Brightseat-upper Potomac confining unit

-122--106 middle Potomac confining unit

-298 —-122 middle Potomac aquifer

-312~-298 lower Potomac confining unit

<-312 lower Potomac aquifer

WELL NUMBER: 53G 17 LATITUDE: 37°20'12"
AQUIFERS: LOWER POTOMAC AND MIDDLE POTOMAC LONGITUDE: 77°11'24"
STATIC WATER-LEVEL ELEVATION (feet above mean sea level): -18 YEAR OF WATER-LEVEL MEASUREMENT: 1985
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

-34 -20 Columbia aquifer

-52--34 Calvert confining unit

-68 —-52 Chickahominy-Piney Point aquifer

-80 —-68 Nanjemoy-Marlboro Clay confining unit

-92—-80 Aquia aquifer

-110 --92 Brightseat-upper Potomac confining unit

-132—--110 middle Potomac confining unit

-300--132 middle Potomac aquifer

-314-—--300 lower Potomac confining unit

<-314 lower Potomac aquifer
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WELL NUMBER: 53G 21 LATITUDE: 37°20'13"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°12'20"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): -25 YEAR OF WATER-LEVEL MEASUREMENT: 1968
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

-40—-10 Columbia aquifer

-50 —-40 Nanjemoy-Marlboro Clay confining unit

-110—--50 Aquia aquifer

-122--110 Brightseat-upper Potomac confining unit

-138 —-122 middle Potomac confining unit

<-204—-138 middle Potomac aquifer

WELL NUMBER: 53H 2 LATITUDE: 37°26'07"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°14'06"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): -37 YEAR OF WATER-LEVE!. MEASUREMENT: 1994
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

70— 144 Yorktown-Eastover aquifer

-19-70 Calvert confining unit

-30—--19 Nanjemoy-Marlboro Clay confining unit

-78 —-30 middle Potomac confining unit

<-88-178 middle Potomac aquifer

WELL NUMBER: 53H 7 LATITUDE: 37°25'18"

AQUIFER: MIDDLE POTOMAC LONGITUDE: 77°12'31"

STATIC WATER-LEVEL ELEVATION (feet above mean sea level): 1 YEAR OF WATER-LEVEL MEASUREMENT: 1972
ELEVATION (feet above mean sea level) HYDROGEOLOGIC LOG INTERPRETATION

49 — 143 Yorktown-Eastover aquifer

28 —49 Calvert confining unit

-35-28 Chickahominy-Piney Point aquifer

-56 —-35 Nanjemoy-Marlboro Clay confining unit

-67 —-56 Aquia aquifer

-98 — -67 middle Potomac confining unit

<-130--98 middle Potomac aquifer
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